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T H RS R B S b U 2 B 3 MR H RERE S T ORT K B & 7 B Ak MF1001, MF1002 #1 MF1003, £ rDNA
ITS F5 31 5] 5 EC %ot %5 2 A RV % £F (Saccharom yces cerevisiae) WIS [R) 8k . 3 A B Bk 8 7T LA 58 4 Fil 7 4 %5
I RERE 540 ) FH AR 58 A0 FUBE 29 AS BB R LB AR B . MF1001 & B2 H REWE % 9 58 B i W B AR T H Al
{5 T £ 4= 7 1 B L WIS T4 M B 5 8 4k CICC31149 1 CICC31279, MF1002 A MF1003 f) 5% ¥ & & 86X T B 71
WA EE. SAEEEMEL.3 N EKRAEHERENERERBK, ELEFFRBMMAEKK. %H
AT H R A AR T 2,3 1l Mk 30°C KB 72h MBI S & 2058 14. 260 (V/ V) 14. 48 % (V/
VOF 13.50% (V/ V), b B BT 4 7= BB B Bk 5 19.5% ~28.6%:37C KB 40h B BER TR N
12.03%(V/V)12. 06 % (V/V) Hl 12. 14 % (V/V) , bt H BT 4= 7 6 B B4R 8 10. 06 ~11.7% . X 3 N H#R R
A B R R BRI A R T A .
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Abstract: Three high-yield strains, MF1001,MF1002 and MF1003, for alcoholic fermentation of
sugarcane molasses, were screened from years old wastes of sugar mill. By aligning ITS se-
quences using the program Blast with GenBank databases, the strains were identified belong to
different strains of Saccharomyces cerevisiae . All screened strains can completely utilize glu-
cose and sucrose, partly utilize raffinose and galactose, but cannot utilize lactose and xylose for
metabolism. The un-fermentable residual sugar of MF1001 fermenting sugarcane molasses was
significant lower than that of two control strains used currently for industrial alcohol fermenta-
tion with sugarcane molasses as substrate, and a little lower than that of standard strains cur-
rently used for determining un-fermentable sugar of sugarcane molasses. The un-fermentable
residual sugar of MF1002 and MF1003
fermenting sugarcane molasses was a little lower
comparing with industrial strains. The growth
rate of screened strains in 20°Bx sugarcane mo-
lasses was slower than that of industrial strains,
but they maintained a large cell number for a
longer period. By using the industrial process for

alcohol fermentation of sugarcane molasses, the
1099071, EEFHHE 10123005-17), /" FEAH £ BERH MR B CEB 4100hol concentration in broth of fermenting sug-

Bedt 0708) o ™ 76 b 5% B 2 A4 B BF k. 5 B8990 H (10YJ255W15)  4pcane molasses by screened strains at 30 'C for
. 72h was 14.26% (V/V), 14.48% (V/V) and
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13.5%(V/V) for MF1001, MF1002 and MF1003, respectively, 19.5% ~28. 6% higher than
that of industrial strains(11.30% and 11. 26 %). Even under 37 C , the alcohol concentration of
broth after fermentation for 40h by screened strains was 12.03% (V/V).12.06% (V/V) #1
12.14% (V/V), respectively, still 10.0% ~ 11.7% higher than that of industrial strains
(10.93% and 10. 87%). The results indicated that the screened strains are much potential for
industrial utilization to enhance the alcohol concentration of sugarcane molasses fermentation.
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WEREEAE MR Y, EREE. /MM
AREFEBEBECXOCARNER/ABETNEE
JERE. (ER, TR E B AT A H 8RR R B KO &
R, ABRABBMERSEEY HA 10%(V/V)
A BEABE 11%52, i 5 x5 55 59 75 4 18
THE,ETFEAEBRBERESTAE 12~14 AR E
COD 8~12X10*mg/L,BOD; 4~6X 10*mg/L )%
TR H AR E b R & B A
R AT, B R
W AR 7= R TR B VI PR A B ST DR R iR A I A
FERLE AN 57 Bl A R i EL W IG R R R U 2 B HE
B R ERGEBETNEFR G AAEEN
SCUT R v R RS A 7 R T R VR R VR B 1
KRB EERIN AT ER. GuECHEET 14
PR TS T A AR 1912, IR OB B R I A BE L 2
H 5L REEME KRB 72h (R IR RS W B ik 13.6%
(V/V) K R BERL Ry 85 % , PE L & 8 48h B W
WK RGE 15, B2, 1912 WARFITHEETR A
e Bt 7 B H R bR E AT 121 °Cn# 30min K Y
Wish ¥, 5 H A H R O & B Tl TR A 8 A
TERRE T R HZ S —E BRH . BTN H R
R 340 Hh O R 4R B 3 MR R TRE B TR R R I N Y
Pl Y TR, TR AN T

1 #MEFTE

1.1 ##

PRI o O 8 R R H RERRE T HETS 1 R BRAE DU
WA R RS T 4CRIFFH.

FHF e ol A B 5 B W00 2 A A E TR AR
B E Tl A W R ORE R G, O BR T B B
( Saccharomyces cerevisiae ) B # CICC31149 (AS
2.1190) F1 CICC31279(AS 2.1190),

SCHG LA H OFTH R R R AR 6 R A
AQOT 1 AQO2 g xof HEB Bk , th | v FE4F i 3= 05 W A
A R\ Bt 22 BH g B i O A PR W) AR ™, AQO1
S A % R S R 9 M T R, AQO2 Ny i R IR TR R
T B

SCE TR H RERE R A ) AT R A
JSEMFE 2010511 A #H17TE5%F 48

PR, BB 83. 5°Bx, Wb & 49. 5%, JE R BB &
43400, PO H REREE RN R R —
FEEEE L FEE RSN 0. 220 IR E M 0. 02 % M BER
ARV pHHZE 3. 8~4.0, H EBE %K 5 2L BT
BH. YPDRGFRIEME AN 220 BB 1%, i 4
W 206, B URER FR LR INBEAR 226, A 4R pH {H,121°C
KA 20min H 8. MEMEABESE M E AN 20, B
BB 1%, BEME 40%, F AR pH {4,121 C K 20min
/)5 R g RE W B o B TR R S %
1.2 EHIRE

7R 5] O RE S B 100%.75% .50 % .25 % 2k
AW, I 100X 10° WREHHEE, T 30C,
180rpm K535 2 JA , BEAG e BF 1) A6 11 00 M PR VR B
A BEARKRMESRY, AP Inl Hl®EA
YPD #5555 B 4 55 3% 48h, RIZ B Ff YPD -4 i 5%
5,30 CHEFRE 48h, Pk 5 I ¥& H Pl 58 B A B B R Ak,
30°C,180rpm 53¢ 24h, B B K 3% 48h, s il g K%
Fr VA TR 3 O S VORE 7 R  T TRRK

e T 1 15 31 17 % BF TR R 7E Y PD - Ai B 77 R 4k
HELraife 3 A8, 19 Bl 4L B Bk, T YPD R} i K5 % A
4CHRAE. ;
1.3 EHENLESR

AR THT B MR SC G AT RE AR YPD MR RS 3R 3K, 30C,
180rpm HiFE I, FRFEHE | K RS R E W 4L 2
X10%/ml, 4 C FHE4F.2 KA.
1.4 EKkOSTEE

¥ 15 L Bk YPD B 35 SEHE 57 8h 2 X 00 i i
B 2X10°/ml, BUE ¥ 12000rpm > Smin & .0,
VAW, JO R AR K VR TR 2 Wk WA AR R A R T
VI e, PR B — SO o AR M B A MR R A A
DNA,

Bikk rDNA ITS1-5. 8S-1TS2 7 [, LA B 14 1 5
H 41 DNA J#its , ITS1 5|4 5 3 H iF w51 49 , ITS4
SlY A R a5 Y, i § TaKaRa Fungi Identifi-
cation PCR Kit(Code No. D317) 7] & PCR 9" 5
PRE) ITS1—5. 8S—ITS2 J¥ 41 , b i 4% i 7] & F) 46 i
BeVE, PCRY AL F H:94C WA P£ 5min; 94 C 748
# 0. 5min.56 CiB & 0. 5min, 72°C ZE{f 1min, 30 4>
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53R ;72 C HEMH Smin, XN 58 UG » B Spl F 1.0%
BiREE e b A Uk 4 B, f#i il TaKaRa Agarose Gel
DNA Purification Kit Ver. 2. 0(Code No. DV805A)
A& U0 M B O R B, X B R Bk AT X )
DNA Wl ¥, DNAWFHEEY TERKRE ARA
wl AT .

EmB#™ .5 -TCCGTAGGTGAACCT-
GCGG-3'.

R s #* .5 -TCCTCCGCTTATTGATAT-
GC-3',

¥ 50 b xR K B 14 45 3 9 1 Bk fDNA ITSI-
5.8S-1TS2 J¥ % il NCBI fty BLAST2. 0 # 47 [F I§ 4
B7 (Nucleitide-Nucleitide BLAST) , ## & #9503 2 K
Genbank #% R 8085 5 , #R 4 Lo X &5 S8 x4 o AR 26 4T 43
F%E
1.5 WMERLXE

K iE AL bR R B YPD 85 #2355 ¥ 8h B X 4K
HAPE I B 2ml K, 12000rpm X 5min & .0, 3 I
W I 2ml G B 7R R K VR AR A 3 Kk, B IR A
BIF TR A &K . HeorEklo)m A K E
T 7 TR R AT VR RR P Btk R ] A S K B B T PR R A oo
Sr R R RE ST o
1.6 EHABHEBENEABRESENE

0 AR IBUH BERE 2 120g, 0 1000g 28 187K 45 f#
P RN 0. 2% R E M 0. 02 % 1Y B R , FH &% BR R
pH fH % 3. 9,43 % 2 = M, WM 100g, HEFp 3~4 1
A ) W %€ k. T 32°C, 180rpm T 5 3% 48h, XA
YOOI A B RSB AR B A R TR AR R R 4
&8 . A B E AR o B #k CICC31149, CICC31279
AR B E M AQOL F1 AQO2 WIE R BEsRBE S B
fEHB .
1.7 BHEHBERERNERUE

LA B R YPD 5535 2L 85 5% 8h =X B
i, 2Rk 100ml (9 20°Bx H RS2 8% 3R 3, W 40 4
BHH 0.05~0.06 X10*/ml, F 30C,180rpm F 5%
Fr o 8 B BORETHB, I 5 B RO A K L
1.8 BEREAER

WG EER E YPD B 3 21 5 8h Bt
SRS 5 M R B e B AT T R A . B
PSR B HRT H B R A AR T 2T,
R (B 2X10%/mD R 100ml ) 20°Bx i % 1%
FrHE, BB 500, K5 9% 8h BB % 2X10°/ml, 4
BHEMARR 55°Bx BB R e 8 B sl A BE. K
i 24h ¥7 180rpm &3, WG ¥ B X BEE 72h, &t
FEW E BB AR RS 5 B
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1.9 EHItH
W B 10 £, R A BRI BobRGH 5
BRESEUE
PLZE R R 5 SR A £ 33 0 00 TP G O .
KEEW 12000rpm X 5min B0, B EWE & 0. 6ml, fin
0. 6ml10 %0 /) Z B , #b FE 78 187K 2 BK R 2. Oml, ER
HHEEN BB EMZE M ERBREARX. CBS
B (%, V/V) = (Z B B/ Z 0 v m D X
0.9936,iHEZEBEE (%, V/V)., &iTEARLF
[ 0. 9936 Ay 4 58 H B, AR 45 M) — 2% 4 T I € 2 BE A
N B AR Y il 4 1m0 U R SR A .

SR 3 2 FID &0 28 , in 4 1 | BE 250°C,
AR IR EE 100°C , &5 8% R B 325°C, &AM A, i
FECTA3 W EE 50 ¢+ 1, B MW 70. 5ml/min, K 3 25
A5 E 40ml/min, K Fi & 450ml/min,

1.11 \EHSEENE

BRI s i 5 95 2 0. 2ml F 2ml #5005
LA 1. 8ml Z& 4 K, fi Smg B M B R Y. X B
E#45],12000rpm X Smin 8.0, B E W 100u] A
DNS g & i BB, S H 1. 0ml F 3%, i 100pl
6mol/L £hR ., $£4), 70 C /K 15min, (KK IR H &=
Fik, M 1204l 20% 9 NaOH 3 B3% 5 AL BT 0,
B 78 ¥ 1000 F DNS 3 52 & 8% . DNS 3%l &
A JOWE e 3% 1 R IR A kD AT .

2 GRS

2.1 EHKIFIE

HamBEEEF AR BER AR KER
75%.50% 25 % MIRE SR A KB B A K. BUK
BER 75% BIRE ShE YPD 5 3% 3 5 AR R 2R 55 5%, 9k
100 /™ B8 ¥ He b IEWE A& B 1% 9% BT WO K B 72h,
HREAE IANKBEENTRE S EEH T 14.46%,
X E EARETT B Ak 15 B 3 Bk A BEH R E S
W OKE B B Bk, Ay & 8 MF1001, MF1002 Al
MF1003, JEASME LS R KW, 3 4>k 3 1 4 2
SRR TE , ZF 58 AE A AR R R (M g/ L BEREH)
1. 5g/L,KCIl. 8g/L,NaAc « 3H,0 13. 6g/L.),28C,
130rpm $53% 3 RIGIFIRTE M =20 2 M HEF 1 3
HEF 73 . TR 26 0 8 B A1 e B B 4k
2.2 HHETE

A A rDNAITS JF3| %5 E B H, HRE A IF L
B, e K B R 9 BE B B Al ), rDNA
ITS FHIMMEE R —RBEAKT 1%, HATHEA
B &2 rDNA ITS FFI 2R A KT 1% 8 5
JBF W — R, ATk A 3 AN ERRE D-
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NA ITS F AT 087, e G+ C & & S R IR X i
G5 GER D BN EHRZIE ITS JF5 0 R AR T
98% ~99% ., H NCBI ) BLAST?2. 0 X} GenBank %§
U P kAT A IR 8 R kK B, MF1001 5 it 5 4
AM262830. 1 % 36 bRER P BE R B 89 ITS B3 A
99 % By [ 4 , MF1002 5 U 5% 5 5 AB533539. 1 %
6 PRERTE F Y ITS J# 3 BA 100 %0 i R B, 5 Wk
24 AB533543. 1 % 92 MRERIE B2 £: 9 ITS 5 B
A 9% m [ W H, T MF1003 5 it & 5 K
AM262830. 1 4§ 33 R FERE BERF B HA 992 M Al IR
PE . 25X S T PR I S B 25, 3R B BT I e B Y 3 4
B Bk N R BB ( Saccharom yces cerevisiae ) AN [F]

[k

F1 THEBEMk rDNAITS F3 G+C &8 R HEF IRt
5
Table 1 G+ C content and homology alignment score between

ITS sequence of screened strains

[k G+C&# [F] 8
Strains G+C Content(%)  Homology( %)
MF1001 39.2 99*
MF1002 39.3 100 *
MF1003 40. 0 99*
MF1001 vs MF1002 —; 99
MF1001 vs MF1003 = 98
MF1002 vs MF1003 — 99

* W # MF1001, MF1002, MF1003 ) rDNA ITS ¥ %5 Gen-
Bank ELA 9 36 Bk, 6 Bk, 33 BRERWE BE S A9 ITS JF 51 HA 99%,
100% ,99 % [A Wit

% The rDNA ITS sequence of MF1001,MF1002 and MF1003 had
99%,100% and 99% homology with ITS sequence of 36,6 and 33
saccharomyces cerevisiae strains in Genbank database, respectively.

2.3 HEHXEHELEE S

1 3 A 5 s o TR PR W TR A 7 RN B R R
4 sk U5 ) 4 52 36 45 SR (3% 2) B, %o I 5E H 7 %
FEME T 0E LB s 2L FOROBE S 6 FioE 4, AR dE
Bk CICC31149, CICC31279 14 7= B ¥k AQO1,
AQO2 B T K ¥ A 7L ¥R A Re W fk, I,
CICC31149 X4 F ¥ 52 2 Re R4k . & 3 BRI RERH
Sy TR Ak . O 5 B AR 5 A o R AR R AE P B AR — R R
B[R] 1 L0 A A B, 24 RE 9% 5 4 (W) 1h 1R 0 70 7 &5 0% .
B = BAFFEAS [A] 777 2o B R A A 7 2k 20 R BE
4 R4k , T bR o B A R A 7 R R PR 8 2 BB R B
FLBE,
2.4 BBk HERERSOF AES

i 2 T PR P R 2 S AR R B A i R Y
EL R (E 1) 8 /R, b5 #E E Bk CICC31149 Al
CICC31279 My 3k & BE 3R S0 & & 20 7l O (4. 60 =
0.16) % FM1(3. 9840. 36) % , 5% BE i JE & & 40 5~
(3.5240.52) % H(3. 0040. 31) % , Xf BR A 7 1 #k
FEAE 20105118 £ 1755 48

R2 MEFEKBREUIRER

Tablel Carbon metabolism of screened strains

R MER R MR s CEILE AW

Strains Glucose Sucrose Raffinose Lactose Galactose Xylose
31149 e i T o e ol i i 0 +++ 0
31279 el = el g ++ 0 +++ 0
AQo1 e = s F=+ 0 +++ 0
AQO2 e g e i - 0 4=+ 0
MF1001  +++  +++ -+ 0 ++ 0
MFE1002! Tlt-aframr e 4 0 + 0
MF1003 +++ +++ i 0 ++ 0

+++ e fERk, -+ AR L, + BB BRI L. 0: 58
N AR A
+ + -+ : Metabolism completely; + -+ : Metabolism major partly;

-+ : Metabolism minor partly;0:un-capability to metabolism,

AQO1 1 AQO2 i 3R 7 &t = T hr i T PR , 5% B BBl
3510 (4. 81+0. 16) % F1 (5. 0240. 16) % , 5% B B IR
WA A A (3. 7240, 21 Y I (4. 14 % 0. 1D Y5,
TE B R MEF1001 [ 4% 8% 1 3% B8 38 SRR 43 51 O (3. 88
+0.47) % M (3.154+0.36) %, 5 W B & RIS (K T
CICC31279 F1 CICC21149( P <<0.05), MF1002 #i
MF1003 %% B 50843 32k (4. 91+0. 26) % 1 (4. 76 &
0.52) % , 5% B 3 JFUME 43 51 A (3. 5240, 52) Y5 F (3. 52
+0.42) Y, 5R B8 BE & B = b o AR (2 B AR
FAFFHK AQO2Z, AQOL, IX i W i ik 1% 3 i 3 #k
i TP i BE 34 EL AT ik 1 ) D H RS s Ay 1 RE T
e, MF1001 ) FH 605 28 0% 23 119 BB ) Jc ot

2 6

FERRER RS R

Un-fermentable sugar content(%, W/

CICC CICC AQO01AQ02 MF MF MF
31149 31279 1001 1002 1003

1 0 B R A H H RE A R R S R (e
- 49 {8 R o 22D

Fig. 1 Residual sugar content after screened strains fer-
ment sugarcane molasses ( Average and standard deviation of
duplicate determination)

o RE K, e REE R

—+ :Residual total sugar, m-: Residual reductive sugar.
2.5 MkREHEBEEPHEKRBR

I 32 TR Ao A X R A 7 B 7 20° B H R B R
ARGRE 2 BR, A EK AQOL Fl AQO2 H1E
Bi3k 16h B ¥A B B, 48 B4 9. 51 X 10°/ml A0
7.40X10%/ml, lJ5 B HOHR 3 T B, HE FR 2 40h B %K
SRR 5.17X10% /ml #1 5. 10 X 10% /ml, 43 5] F &
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45. 6 %0 F 31. 1%, i i & B #k MF1001, MF1002
MF1003 ¥J7EHs 3% 24h B 807E 35 B & KAH, 47 51
8. 34X 10*/ml, 6. 95 X 10*/ml 1 5. 26 X 10*/ml, ¥
F & 40h BEE 4 HH 6. 14 X 10%/ml.5. 83 X 10° /ml
F04.69 X 10*/ml, H 4> % F P& 26.4% . 16.1% F1
10. 8%, 54 7 FH A A Lb o 0 o B8 Ak B9 2E K R AR
15 R R B R K . B 2 B[ LAE .3
PR U5 26 TR PR P, MF100T f9 A K B PR, I Ui &5 »
MF1002 K Z ,MF1003 %18 , ¥ &b .

10
g ]

6 4

]

A A% Cell number (X 10%ml)

o 8 16 2 32 40
$% 3% f 6] Culture time (h)

Bl 2 0 8 B bR AE 20°Bx H MR o i AR AR I (R
56 19 7 249 {8 A bR ofE 22)

Fig. 2 Growth rate of screened strains in 20°Bx sugar-
cane molasses ( Average and standard deviation of duplicate
determination)

= :AQ01, ¢ :AQ02, o :MF1001, & : MF1002,
—o:MF1003,

2.6 EHFAEHERERBERNGED

Fe 2 O 2k B PR 5 % IR A 7 B BR fE R B IR BE
30°C, K EEmE ] 72h T K B H REREE WA 4 R
CPR 3 W7 00, 5 2 8 M ) 7 Y O O 0 .3 86 F BLAE (8
H ) 4 7= W Bk . MF1001, MF1002, MF1003 % B
T2h ) RBWCWEORE S R4 R 14.26% (V/V),
14. 48 %6 (V/V) H1 13. 50 %6 (V/ V) , Tfii 4= 7= B #k AQO1

M AQO2 HA 11.30% (V/VO 1 11. 26 % (V/V) ,

PER AR LA P B bR i 19. 50 ~28. 6%,

% 8B IR E R X B RO R TR A B
BATEEHE ARE N AHBRES, #—FF K
STCTiEMMMHEREREAREREE OLE
7% »MF1001 #1 MF1003 ¥)7E % B 32h Bl AR &
TR B B R (R, KB 40h BBV RS & RBEA T RE, T
MF1002,AQ01 1 AQO2 M| 7 % B 40h B W K &
HOAF K, BB % & 7 1, MF1001, MF1002
il MF1003 ) BB 80 & B B K (E 2051 8 12.03%
(V/V).,12.06 % (V/V)F1 12. 14% (V/V), . B #i &
PEE OB B AR AQO1 (10.94%, V/V) il AQO2
(10. 87 %, V/V)E i 10% ~11. 7%, 7 B bR 7E %%
EiRE THARH EBENENEILEEST
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BTEAE =K AQOL FRkFI AQO2 Fitk.

—
+
1

BHER A& Alcohol

concentration in broth (%,V/V)

AQO01 AQO02 MF1001 MF1002 MF1003
B3 MEMAmABEHERENBRERSECRRA
50 318D
Fig. 3 Alcohol concentration in broth of screened strains
fermenting sugarcane molasses ( Average of duplicate fermen-

tation)

[T S
i L

RS & /& Alcohol

concentration in broth (%,V/V)

[T 5] e N
n " n n n

0 8 16 24 32 40
& B¢ if [d] Fermentation time (h)

B4 FEEER AR 37°C F H R &M KB & (ol
5 19V B{ED

Fig. 4 Alcohol fermentation curve of screened strains at
37 C (Average of duplicate fermentation)

= :AQ01, ¢ :AQ02, 4 :MF1001, » : MF1002,
—e-:MF1003,

3 &g

ARELBHFTANHERT HBEOBREIRY
Hi k18 B B 3 A4S bk B MF1001., MF1002 Al
MF1003 J& R 1 B% £ ( Saccharom yces cerevisiae ) [
AFE . 5 H RO A ™ o 0 s sk A R, X3
AT R AR AS BE 1) ZLBE A AR , X 2 FLBE b S RE R 4
FIA . BRE,X 31 EKREEABREA A H EEE
doE A B BE 7, Hob, MF1001 3 H B8 % ol 40 19
FARRS BER TAHEK S THEREEL
BB 4 1 %2 AR 4 B Bk CICC31149 A1 CICC31279,
MF1002 1 MF1003 ) 7| Fl G 77 L #& & F 4 7 i
XPERE R . 3X 3 N0 E 19 B 0 bR o K BE H RE R
WS RE R B R AEIRBE 30C T, B & & T H A
PR AE PR MR . AR SE 36 077 6 75 3 /9 3 A i T 8 £
B AR B A B A N T

(F# % 376 ® Continue on page 376)
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EEMAERKBESE 21C~30CZH, Xt F k™
RELEM S BEREE R 27C,

3 &r

B VR, R OUR DL KK ML AR X 4D R Ak 4 B
(Flavobacterium sp. ) A B R REAERHE A
FRERERE., RS RENEREAS HESF
¥ 10.0 g/L, EH M 10. 0g/L, BERRE _ 4 0. 25g/
L, BRRREE 0. 1g/L. HAiE pHEN 6.0, RBEM
EREEH 10%., mAEMRENR 27C,
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